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SUMMARY

Experimental influence coefficients and vibration modes and fre-
quencies of a built-up k~” delta-wing specimen are presented. The sym-
metrical and antasymmetrical static influence coefficients were obtained
on a three-point support. The first 10 vibration modes and frequencies
were obtained for an essentially free-free condition. A detailed
description of the structural properties of the specimen is also given.

INTRODUCTION

The provision of adequate stiffness in high-speed aircraft is a
problem of primsx’yimportance to the designer. The problem is of partic.
ulsr concern for low-aspect-ratio wings because of the analytical diffi-
culties involved in predicting their stiffness characteristics. b
recent yesrs various methds of load-deflection analysis for low-aspect-
ratio wings (particularly delta wings) have been proposed. (See, for
exsmple, refs. 1 to ~.) However, very little experimental information
about the load-deflection characteristics of such structures exists;
only data on plastic models and on actual airplanes tith uncertain sup-
port conditions are available for use in assessing the theories.

b order to provide some experimental information, static and vibra-
tion tests were performed in the laboratory on a large-scale built-up
45° delta-wing specimen. Frcm the static tests the symmetrical and
antisyrmuetricalinfluence coefficients of the specimen were obtained
on a three-point support. (The three-point support was used so that
the results of these tests could be converted readily to many of the
more usual boundary conditions.) From the vibration tests the modes
and frequencies were obtained for the delta-wing specimm in an essen-
tially free-free condition.

The purpose of the present paper is to present the results of these
experimental investigations. b order that the results can be of use in
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the evaluation of analyses, a detailed description of the stiffness prop-
*

erties and weight distribution of the wing specimen used in the investi-
gation is also given.

Since this paper presents experimental
no conclusions can be drawn.

The

DESCRIPTION OF DELTA-WING

specimen used

figure 1. It iB a 45°

#

results for only one specimen,

SPECIMEN

General De8cripti(kL

in the experimental investi~ati.onis shown in

delta wing with a span of 18 feet 11% inches, a

midchord of 8 feet 1: inches, and a uniform carry-through s~ction of

2 feet 8 inches. It is uniform in depth in the chordwise direction but

varies linearly in the spanwise direction from ~ inches at the carry.

through section to l? inches at the tip.

The covers are made up tiom a sheet-stringer combination with four
stringers spaced between each of the spws. In order to facilitate con- 8
struction, the stringers were placed on the outside of the covers. The
internal construction of the wing, as shmnin figure 2(a), consists of
four spanwise spars, a bent leading-edge spar, and stresmwise ribs spaced
at 8-inch intervals. All parts of the wing were made from 2024 aluminum
alloy.

Physical Properties

Detail dimensions.- Detail drawings of the delta wing are shown in
figures 2. All dimensions and sizes shown are, of course, nominal.
Since the dimensions of the actual parts can vary appreciably from the
nominal values, accurate weights and dimensions were taken of the com-
ponent psz%s before assmibly, and overall dimensions and the total weight
of the wing were taken after assembly. Sheet thicknesses were obtained
by averaging a large number of micrometer readings taken along the edges.
If the cross section of a ccxmponentpart was uniform along its len@h,
its weight and length were measured and the cross-sectional srea was cal-
culated by using 0.100 pound per cubic inch as the density of alumirnm.
If a part was nonuniform in cross section along the length (for instance,
the spar channels), its thickness and all other dimensions that could
be accurately obtained (such as length and depth of spar channels) were

.
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measured. The remaining dimensions of the part (such as flange width)
were adjusted so that the calculated and measured weight of the @

s agreed.

In this manner the pertinent dimensions of all component parts of
the test specimen were obtained smd are given in tables 1 and 2. The
average cover thickness was found to be 0.0696 inch and the average thick-
nesses of the spar webs ranged from 0.0695 to 0.0720 inch. The average
thiclmess of the 0.051-inch ribs was found to be 0.0508 inch. The aver-
age area of the stringers was 0.1689 sqyare inch. The equation fm the
half-depth of the wing, as shown in table 1, was obtained by calculating
an average taper from the depth measurements of the assembled wing.

Section properties.- In order to facilitate any analysis that might
be performed on the test wing, the axea moments of inertia of both the
spars ti the ribs were calculated. The moments of inertia of the ribs
are given in table 2. In figure 3 the spanwise variation of the moments
of inertia of all the spars is presented, and the numerical values of
the moments of inertia of the spars at the intersection of every bulJc-
head are given in table 3.

Weight calculation~-& A detailed weight analysis was performed on the
test specimen. The weights of the spars, ribs, and stringers were meas-
ured before assembly. The weights of the cover sheets were calculated

* from the thickness and from overall measurements of the delta wing. The
weights of these various wing components are given in table 4. All the
remaining items such as filler blocks between the spars and ribs (see
fig. 2(c)), leading-edge spsr splice, corner reinforcements, and so forth,
were considered as concentrated weights, and the locations of these
weights are given in table 5. The difference between total weights of
all the component parts snd the total weight of the assembled wing was
distributed along the spars and ribs in proportion to the nuuiberand
size of the rivets used. (See table 4.) It might be of interest to
mention that a calculation based on the approximate number and size of
the rivets used and the nominal weight of the rivet head did approximate
this difference in weight.

When the weights of all.component parts =e lnmwn, the correct dis-
tribution of the weight remains to be determined. The weights of the
covers in pounds per square inch smd the stringers and rivets in pounds
per inch are given in table 4. The weights of the individual ribs are
given in table 2 and the spanwise weight distribution of the individual
spars is shown in figure 4. A detailed breakdown of the concentrated
weights is shown in table 5.
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STATIC TESTS

Tests were conducted on the delta wing described in the preceding
section in order to obtain the reflectional behavior of the specimen
under static loading. FYom these tests the influence coefficients under
both symmetrical and antisynmetrkal loading were detetined; these
influence coefficients can be used to obtain the deformation of the
structure under any applied transverse loading.

In order to obtain the influence coefficients, the wing was mounted
on three supports which restrained displacement but allowed free rotation.
The advantage of the three-point support @ twofold: First, the same
support fixtures ce.abe used for both symmetrical and antisycmetrical

.

loading, Second, the influence coefficients appropriate to many other
support conditions (such as cantilever and free-free) can be calculated
from the coefficients obtained for the three-point su~ort.

Test Setup

A general view of the static-test setup is shown in figure 5. The
three supports can be seen in the photograph, two symmetricallyplaced 4

along the trailing edge and one placed on the center line of the
leading-edge spar. .

A sketch of a support is shown in figure 6. Freedom of rotation
at the supports was obtained by mounting the clamp-like fixtures on
roller bearings and by placing a rocker between the clamp and the wing.
Rollers between the rockers and the wing allowed chordwise motion. l?he

—

horizontal bar immediately in front of the support was part of the
counterbalancing system used to hold the wing firmly against each
support,

Dial gages were used to measure the deflections of the wing at the
network of points shown in figure 7. Gages mounted at the supports (sta-
tions O, 2, and 41) afforded a measure of the support flexibility. At
the interior stations, where deflections me small, dial gages with a
minimum reading of 0.0001 inch and with l/2-inch maximum travel were
used whereas on the outboard stations dial gages with a minimum reading
of 0.001 inch and with l-inch maximum travel were used. Accuracy of the
O.0001-inch gages was better than iO.0005 inch; the accuracy of the
O.001-inch gages was +0.002 inch.

Loads were applied to the specimen by-means of hydraulic jacks.
These jacks were fitted with screw locks so that, once a given applied load
was reached hydraulically, the load could be maintained mechanically. .

,,
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Standard strain-gage load cells placed
were used to measure the applied load.

. was O.~ percent.

between the wing and the jacks
Accuracy of these load cells

Test Rrocedure and Results

Influence coefficients for the delta wing were measured for the
stations shown im figure 7 under both symmetrical and antisymmetrical
loading conditions. For each condition loads were applied successively
to each of the stations and, for each loading, gage readings were taken
at an initial preload and at each of the three equal load increments.
The maxinum load and, consequently, the load increments for each point
of loadlng were chosen so that no buckMng of the structure occurred.
Also, the mximum deflection was never allowed to exceed the maximum
travel of the dial gages.

The deflection data obtained from these tests showed that appre-
ciable deflection occurred at the supports (stations 0, 2, and 41 of
fig. 7). Therefore, before the data could be reduced to influence
coefficients, corrections for the support deflection had to be applied.
These corrections consisted of a superposition of three types of motion -
roll, pitch, and trsmlation. Of the corrections for these three
motions, an accurate correction for roll was the most difficult to make.
The rolling motion of the wimg was caused by the unequal deflection of
the supports (stations O and 2). However, if the rolling correction is
calculated frcm deflection measurements at these supports, any error
encountered in their measurements is magnified outboard of the supports.
In the case of symmetrical loading, the amount of roll.can be obtained
from a comparison of deflections at symmetrically located stations near
the wing tip (stations 8 and X, 7 and 51, 18 and 52); thus, no magnifi-
cation of errors due to inaccurate measurements occurs. In the case of
antisymmetrical loading, however, only the deflections at the supports
can be used to calculate the correction for roll.

Examination of the data showed that the deflections of the supports
were nonlinear functions of the load. Consequently, corrections for each
loading increment were necessary. The corrected deflections for each
increment, however, were virtually linear and a straight line was drawn
through these values to obtain the influence coefficients.

The influence coefficients for the symmetrical loading condition
based on a 1,00U-pound load are shown in table 6. In order that the
matrix would be symmetrical, each value given in this table is the aver-
age of the two cross-coupling coefficients. Deviations from the mean
are given in parentheses, the largest detiation being O.O@+ inch or

. 0.h6 percent of the maximum deflection.
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coefficients for the antisymmetrical loading condition
7. Examination of this table shows that the deviations

fimm the average for the antiqmmetrical case are considerably larger
(O.024 inch maximum) thsm those for the symmetrical case.

*

As was previously stated, corrections for roll in the antisymmetri.
cal case were calculated from deflections of supports; thus any error
in measurement was magnified. In order to minimize the error in roll
due to inaccurate su~ort-deflection measurements, a least-square com-

—

putation was performed on the antlsymmetrical influence-coefficient
matrix. The method used for this computatim is described in the appen-
dix. The influence coefficients resulting from this least-sqyare
adjustment of roll are shown in table 8. As in table 6 each value given
in table 8 is the average of the two cross=oupling terms, the deviation
from the mean being shown in parentheses. The largest deviation in the
adjusted influence coefficient is now 0.004 inch or 0.30 percent of maxi-
mum deflection and is comparable to that obtained for the symmetrical
loading case. It is of interest to note that the resulting rolling cor-
rections obtained by the least-square method were equivalent to noncom-
pensating errors in support deflections of less than 0.0008 inch, except
in one case in which the error was 0.0020 inch.

A=

VIBRM?ION TESTS
n

Equipment

The equipment
response measuring
this equipment are
follows:

used in these tests consisted of a shaker system and
and recording instruments. Detailed descriptions of
given in reference 6; however, a brief description

The shaker system consists of four electromagnetic shakers, a con-
trol console, and a rotating-machine power supply with a frequency range
of 7 to 500 cycles per second. Each shaker has a controlled force smpli-
tude from O to 50 pounds and a phase control (0° or l~”) over the avail-
able frequency range. The total weight of-the moving element of each
shaker, including a velocity-sensitive signal generator, is 2.0 pounds.

The smplitude response of the test specimen was obtained from
16 velocity pickups connected through a switch panel to a 36-channel
recording oscillograph. The weight of each picln.ipwas 0.7 pound. A
cathode-ray oscilloscope was also connected to the switch panel and was
used for visual observation of the output from any pickup or signal gen-
erator. The frequency of vibration was obtained from-a Stroboconn fre-
quency indicator.

.
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i
b addition to the measuring equipment described in reference 6,

a portable probe pickup was used in these tests to survey the motion of
. the specimen at resonance. This piclmp is similar in construction and

weight to the velocity pickups except that a probe, which projects
through the case, is atiached to the moving coil. The weight of the
probe element is approximately 1 ~am ad its spring constant is 9 pounds
per Inch. This pickup has a sensitivity of 94.5 millivolts per inch per
second, an impedance of @l ohms, and a fieqpency response that is essen-
tially flat up to XO cycles per second.

Test Setup and Instrumentation

An overall view of the vibration test setzrpis shown in figure 8.
The delta wing was suspended from wooden support frames lTJflexible-
steel aircraft cables attached to the leading-edge spa slightly for-
ward of the chordwise center of gravity of the wing. This method of
support allows essentially free-free titrations in the horizontal direc-
tion. The four shakers were mounted in pairs: two shakers were placed
on the floor and attached to the trailing-edge spar 2 feet frmn the tip,
and two shakers were placed on steel pedestals and were attached to the
middle spar 2 feet from the outbosrd end. One of the support cables and

u two of the shakers with necked-down force connectors are shown in fig-
ure 9.

.
The 16 pickups were mounted along the spars on one surface of the

wing. Tapped holes in the spar caps at the intersection of the ribs and
spars were provided for attaching the pickups. The locations of the
pickups for these tests are shown in figure 10. Thirteen pickups were
placed on one-half of the wing and the remaining three were placed on
the other half to check the symmetry of tibration. IiIorder to have
symmetrical mass distribution about the spanwise center line,”each
pickup was counterbalanced, where necessary, with a symmetrically
located steel weight. (See fig. 10.)

Test Procedure and Results

For these tests one pair of shakers was chosen as the master pair
and the phase controls were set to produce the desired motion of the
* (sptrical or ~tis-tri@ about sp=~se center line); the.
other pair of shakers was set in the off position. In order to observe
the motion of the wing, the output of one pickup was switched onto the
Y-axis of the oscilloscope and the shaker force signal (current through
the shaker drive coil) was switched to the X-axis. The power supply was
turned on and the force output of the master shakers was equalized. The
force output being held constant, the frequency was slowly increased
until the amplitude of vibration reached a maximum as determined frm
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the pickup output viewed on the oscilloscope. The form of the Lissajous
ellipse shown on the oscilloscqe was also used as an aid in determining
the resonant frequency. The signal generator attached to the second pair I
of shakers was used to determine the relative amplitude and phase of’
motion at the attachment points and these shakers were then turned on and
adjusted. The selector switches were set to the record position and a
simultaneous record was made of the output from the pickups and the signal
generators. The freqpency of vibration was then read on the fkeq.ncy
indicator and recorded. With the freq.umcy still held at resonance, the
probe pickup was connected to the oscilloscope snd an amplitude survey
of the wing was made in order to locate the associated ncde lines. After
the mode amd frequency were established and the data were recorded, the
frequency was increased again until the next resonance was detected.
In this manner the first 10 natural modes of the delta wing were identi-
fied and recorded. After the survey was completed with one pair of
shakers as the master pair, the tests were repeated with the other two
shakers as the master pair. b order to insure that no modes were
omitted becauee of node lines passing through the shaker-attachment
points, the two shakers located along the trailing edge were moved to
stations 13 and 19 (see fig. 10) and the tests were repeated. Reloca-
tion of the shakers had a slight effect on the natural frequencies and
node-M.ne pattern owing to the change in mass distribution. The vibra-
tion tests were conducted with all the shaker forces adjusted to the same “
value. In order to check the effect of unequal shaker forces on the
modes of vibration, tests were made with several different force ratios .
between the two pairs of shakers. The results of these tests indicated
that, for the small magnitudes of force required to maintain titrations
at resonance, the force ratio had very little effect on the mode shapes
and frequencies as long as both shakers of a given pair were adjusted to
the same force output.

The values of the resonant frequencies depended primarily on the
accuracy of determining the maximum smplitude as viewed on the oscillo-
scope, since the frequency indicator could be read within 0.1 percent.
As a check on the accuracy of determining the maximum amplitude for each
mode, the tests were repeated several times, different observers reading
the oscilloscope. FYom these checks it was found that the maxim s@.i.-
tude (and hence, the resonant frequency) could be obtained tithin 0.5 per-
cent. The node-line survey was also repeated and the accuracy of the
node-line position for each mode was within 1/2 inch.

E

.

As a check on the duplicabil.ityof the results, a ccinpletevibration
survey was made both before and after the static test. The vibraticm
survey made after the static test gave frequencies within 1 percent and
node-Mne positions within one-half inch of the values obtained fhm the
initial tests.
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The first 10 natural frequencies (5 syrmnetricaland 5 antis-tri.
were obtained and are presented in table 9. The deformations of the
for each of the-first 8 modes are given in table 10 where the nor-

malized deflections (unit tip deflection) =e listed for 15 stations on
haM the wing corresponding to the pickup locations of figure 10. The
node-line patterns obtained for each mode by the survey with the probe
pickup me shown in figure n(a) for the symmetrical modes and in fig-
ure n(b) for the antisymnetrical modes. For the first 8 modes there
was very little evidence of panel vibration of the cover sheet; however,
for the highest 2 modes shown in figure 11, psnel vibration of the cover
sheet was sufficient to obscure the node lines in some regions. These
regions are shown in figure 11 by the dashed lines which represent the
lines of minimum amplitude through these regions as measured by the probe
pickup.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., Februsxy 8, 1957.
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APPENDIX

LEAST-SQUARE CORRIZTION FOR ROIL

If the matrix shown in table 7 is assumedto have errors in roll,
adjusted matrix [A] must be of the form

[A] = [A] + 14LG]

where

(Al)

[A] experimental influence matrix shown ti table 7

ei rolling correction associated with loading at ith section

ai distauce frcm center line to ith station

H rectangular matrix
*

II column matrix
.

11 row matrix

The matrix [Al can be separated into a symmetrical matrix [G] end
an antisymmetrical matrix [E] such that

[A] =[G~ + [EL (A2)

Eqyation (Al) can now be rewritten aa

where

(A3)

(A4)

(A5) w

,
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Since [B] is a symmetrical matrix, each element ei$ of the matrix

[e] represents theerror due to incorrect rolling corrections. There-

fore, the most probable influence-coefficientmatrix is the one in which
the sum of the squares of ~ij is a minirmm; that is,

l?romequation (A5)

Therefore, since Ei~ = -Eji,

N

-(1) NN
1 2
2 ,anen +2

77
amenEm

n=l

Substitution of equation (A8)

LU

m=l n=l

into equation (A6) gives

(A6)

(A7)

(A8)

N N N

‘5 I an2 - ai I ~en + 2
L %Eni = 0 (i=l,2,3, . ..N) (A9)

n=l n=~ n=l

In order to make the problem determinate, one of the Oi values must be
assigned; therefore, let

~=o (Ale)
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With the use of equation (AIO), equation (A9) (for i =M) gives

N N

xanen =-~%I %%

n=l n=l

Ehibstitutionof equation (All) into equation (A9) gives

n=l

which in matrix form is

The rolling

in equation (Al)

(All)

(Au)

s.

.

.

(U3)

U

n=l

correction ei calculated from eqpation (A13) is used

to obtaim the adjusted influence coefficient matrti [A].
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TABLE l.- SPARDIMENSIONS
Stringer

H -—. —.—
%

r= 2.7152- 0.01949X0

Dimension,
spa?

in.
1 2 3 4 5

tl 0.1910 0.1896 0,7904 0.1910 0

t~ .0695 .0701 .0718 .0720 .07(%
hj .0700 .0700 .0700 0 0

{ }

.f!880*
21 1.7533 1.7591 1.7695 .8931 0

22 .7349 ●5533 .5572 .5792 .4681

‘3 .5472 .5743 .5632 0 0

*@ar width outboard of ~ = 72.
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TABLE2.-RIBPROPERTIES

Sheet
:hiclmess,

in.

0.0510
.o~ll
.0720
.0701
.0697
.0502
.0509
.0504
.@oo
.0509
.0508
,0512

{eight,
lb

0.857
.837

1.259
1.207
1.214
.517
● 799
.742
,238
.696
,708
,675

toment of
hlertia,
in,4

(b)

1.060
1.060
1.535
1.535
1.535
.906
.906
.768
.768
.644
.644
9533

Rib

~
13
14
15
16
17
M3
19
20
21
22
23
24

Sheet
thickness~

in●

0.0502
.0503
.0508
.~ll
.0509
,o~
.0511
.@u
.0508
.0513
.0509
.0502

Weight~
lb

0.432
.lg4
.626
.591
.591
.362
.541
.516
.154
.471
.282
.11.4

Moment of
inertia,

~n.4
(b)

0.533
.436
.436
.350
.350
.277
.277
.214
.214
.160
.116
.081

%ee figure 2.

%?or calculating the moment of inertia of the cross section,
average thicknesses were used - 0.0508inch for the O.~1-gage ribs
and 0.07~ inch for the 0.072-gage ribs.
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Z!mm 3.- SP~ISE VARIATION OF SX’ARMOMENTOF IN13RTIJI

x
5

4

3

2

1

x, Mcment of inertia, in.4, for -
in.

spar 1 spar2 spar 3 Spax 4 spar5

0 6.843 6.876 6.949 3.630 1.491
8 6.843 6.876 6.949 3.630 1.491
16 6.843 6.876 6.949 3.630 1.491
24 5.986 6.005 6.096 3.157 1.278
32 5.192 5.197 5.285 2.722 1.0!36
40 4.458 4.452 4.546 2.324 .913
48 3.784 3.769 3.866 .760
:: ;.;;; 3.146 3.245 .625

2.583 2.683 .506
21U3 2.079 .403

E 1.669 1.632 .314

88
{ }

1.279
1.241

.240
.623

96 .457 .177
104 .319 .3..26
112 .270 .095

.

.
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!lY@lX 4.- WEIGHTSOF WINGCOMFONEN!S

NACA TN 3999

Component IITotalweight,
Weight

lb
distribution

Cover sheet
spars
stringers
Ribs
Concentrated weights
Spar rivet heads
Stringer rivet heads

Rib rivet heads

0.00696 lb/sqin.
See figure 4
.01689 lb/in.
See table 2
See table 5
See figure 4
.00230 lb/in.

*.00169 lb/in.

Total I 408.583 I .----------------

%’or ribs 3, >, and 5, use 0.00329 lb/in.
.—
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TABLE 5 .- LOCATIONSOFCON~ Wl?iIQITS

Weight, lb

;:
spar 1 Spar 2 spar3 spar4 -5

0 0.026 0.026 0.026 0.010 0.489
8 .026 .026 .026 .010 ●010
16 .058 .058 ●058 .020 ,288
24 .025 .025 ●W .010 .010

.022 .022 .022 .008 .C@
i% ●020 .020 .020 .008 -----

.017 .017 .017 ● CQ7
$! .014 .014 .014 .006
64 .012 ● 012 .(x% -----

.009 .009 .004
E .008 .008 .004
m .003 .(X)3 -----
96 .003 .003
104 .003 .003

0 -----

.

,
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(-.002)(-S&) (-:mJ (.:c# (-:c&)(-:sg)

12 (::dHa&) (.:A2&)(.:su#(-:=) (.:c&)(-:c@ (S&) (:82:1 (.Cm) (SC&)(-::g) (AK& (S&)
o .026 .Ca

13
(-..) ~ (-:LUJ(-:&) (.:%) (-:c# (-:Q&) (:&2} (:&) (:CCCJ (.:&T)(.:%) (-:x&) (Lxx&}

.0%

*
(::J_&) o (-:JJ&)(-.ocq(..OM)(-:a# (:xlc&)(J&)” (:&l) (:S&) (:mc&) (:SCQ)(J-&) (S&)

.03-7 .033 .0%

[ ;lQ$j10 l(-:&)l(-:~)l(:g)l(-:~y)l(-.a)l(.yl](:~)l (.m}l(.~)l(.&)j p.m&-.ocuq
.lx .1 .025.. .I07 . .144

16 (::%) (-:&) (.:so&)(-:alJ)(:acw)(.:g) (-:a_&)(So&) (S&) (:J&) (:A.&)(.:J&) .193(S-&o
o

17
(:-.) (-:&F&)(-.ca)(-all) (:cwlc&)(Sal) (aoJ) (A&) (Lo&) (:sc&)(S&) (an] (-:o&)

o .O’ia .131 .279 .&

la
(::&&) o (.Cm) (S&] (S&) (-:sl&)(arJ) (-:%) (:C&) (SK_&)(:&) ($og) (a&) (a&) (-:g)

.035

I = 1%?10 1(-:%'1(-:%)1(-"~) [(-:yJ)[(-:~)l(-:~)l("&)l(-:g)l(-:&' l`-:~'[`-.~'[(-.yJ'[(-.m',.OIQ . . .032

z!
(::%) o (-:K&)(-ml.)(-:oc&)(-:lo#(-:c.g(-:a&l (m&) (S&o) (.coJ (:g) (4SO) (jc$) (Sco)

.Cm

23
(::Jx& (-:2) (-:%) (-:&) (-::;)(-~) (-ml) (:%1 (:a.&o)(X&J) (-:o&)(a) (-:J&~ (:s&)

o

I I I 1 1 1 I

* (-..) (-:jc#(.:cg (-:%) (-:SUJ(-:sK&l(-:cu&)(IO&) (-:sK&)(:O&) (# (-:c&)(-:s&) (.oc&)
o

~ (::%) (.:ag](.:$y LmJ) (-:UJ)(-:LKJ (-tC&) Lag (-:&) (-:s# (:J&) (-:m&l (-:&) (-:oy)
o

Ill o 0 0 0 0 0 0 0 0 0 0 0 0 0 0

42
(-ml) (-al) $sKu) (:O&) (:O&l (S# (:@&l (:Ox&)(SQaJ (-:mx&)(J-n&) (AC&) (J3&l(;.ool)o 0 0

1 I I I I I 1 I 1 I 1 1 I 1 1

43 (::mn_) (.:%) (.:cc&)(-:%) (-:ax&)(-:CU2)(-:s&) (O&) (-:a&) (:OJ (:O&)(-:O&: -:%) (J&i
o

,

.

+d.lwsinpunnuwascmdaiaticnm frmt!mmanvaue.

.
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.223

0.052
.224
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0.014
.031
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.033

0.030
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.Ib
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24
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“m -w’ :% :% .311 .C63 J.13 .ZL3 :% .g .O?J .% g> .=?9 .W7 .W

.Sv4 .041 .09$ .136 .lm .3.93 .* .lco .L23 .*7 .045 .303

25
.039 :0s .ln .*

:% :x :% % :% :
26

.W J’fY .~ .ti .% .b33 .4L5 .C.sl J-la .~
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TABIE 8.- IHBWENW CK)=IC~ FCR ART18~ CAL LmDImBMED

t I Deflection

Load
Btations

3 4 5 6 7

3 (+:&)(o:%)(O:ys)c)(0.m)
0.030 .lm

4 (:%) (:y;)(IO&)(-.W)
.lq .233

s (-:X)(-:y2) (.0@)(.003:
.240 .321 .393

6 (-:xll&)(-:3)(-:y&)-m (:;:!

7 (m) (:CIO&)(-:;;)(-:Oc#
.lm .821

8 (::~)(.001)(-:;%)(-.002)(-.m3]
.272 .700 .99

I12 (:OO;) (: C!G&) ( J&) ( Kmcm) ( $IJl]

I13 (:$O;) (:$3) (:cx&) (:ag (-:mgl

14 (SK&) (.@m) (X&) (:CJ33)(-:&;]
.102

15 (-:%) (mg) (:Cl&)(-:y&)(:~]

ti (-::&)(:mO&)(:%) (:lo$)(:;$]

17
(-:Jxl# (-:@a&) (:y (yg) (:lcg

I le MC&) (:&T) {:ml# (:OCJ (-:p!3)

I
25 (:al# (:y (-:ag) (-:o~)(-:~1

I26 (-:OO&)(:@&)(:::)(-:fi)(:yl)

* ( K&) (:SIOJ (m@ (:Lx&) (-:OOJ

35 (:s@ (. Cm) (ac# (:mg) (:KIJ
.KE

I42 (:cK# (:cbg) (: O&) (:c&l) (-:JmJ)

(e)

8 1.2 1.3 14 15 ti 17

(-o:o&) (0.CWJ) (-o:sg) (o:du&) (o:%) (O:g) (0.CO1)
.O1o .090

(.CKQ) (-:m&) (.001) (:K&) (Jx&) (-:C# (+00)
.999 .151

( ::0) (:p$cl) ( :y4) ( ;@) (-:%) ( m#
1.356

(-:sjo&) tom (-:JY&) (:oc# (: Cm) (: K&) (:cn&] I
(-:~;)(:Co&)am ( m-&) (-:3) ( O&) ( Xc&)

(:m&)(:rg)(-:sc&).lM (al) (-:IOJ (-:a#

(Q&) (:aal) ( ag (:acil) .& ($& (-:CKJ

(:&slo) (:sQ&) (:m!J) ( ml) (-:o#
.495‘-:%5)

(-:x&)(-:%) (:&8)(:%) (:~) (:%) *6B

(-:al&) (:cx&) (:x) (:mxJ (.:&) (:gy (:@&)

(-:&) (:ysm) (-:%) ( SO&) (:sJ# ( Jw&) ( SK&)

(-::3) (S@ (-:SKIJ ( SIOoo) ( Sal) (: O&) (Sg)

(-:09J (-:&l) ( log) (:KJJ ( Xx&) (-.02 ) ( .W3).291.319~

( mf&) (4 XI) (:ac&) (-:s&)(SC&)(-:J.#(:%)

( ::%) ( O&) (:sr&) ( acg) ( ag) (-:&) (-:%)

(-:&) (: O&) (-:&) (:c# (-:OOJ) (:oc&) (:cg)

G:;g) (:So&) (:XQJ ( al&) (:aa&) (:.) (-:sI#

(-:~o) (-:cl&) (-:ao&) (SIC&) ( So&) ( S&) Lvc&)

( -:m&) (S&) ( So&) (:ZQJ) (:&) (:~1) (:SOJ

Wd.uen in pwenthese8 ere deviaticme from the mean value.
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I

=-F--l

=F
* 35

[4.OCE) (O:mg
.OT

(-:K# (:Kf#)

l18[Z212312k 25 26 33

[0.000]

.Ol!s m(o:sc&l [O:S)OJ

(:&&l

(-o:%)

(-:a&)(:SOJ

I(:%) (:@&) (:XCGJ(-:&l ( :Gf&) ( IO& (:sg] ( ma-)) (-:y (-:21) (:xK&) (.:alJ

I I-cm] (:%) (:K# (-:%]
.553

(:SE&) (:gy (yg) (-:m&) (-:ao&) ( log) (-::;)

yoo) (:%) (:%) (:gy ( SIC&) (:zg) :-.031)
.OjQ

( XICJoo) ( mg) (-:Ko&)

-H
( :&l) ( ag)

(:a%J) (:xlo&)I(.001) ( .003) (:g) (:mOJ)
.W .097

(:$gl (:@#) (-:@.J) ( Jc&) ( moo)

(:xC&) (Jx&) (.:KN&) (:xg) ( Xc&) (Jx&)

:-.031)
Qg

( Z&y (-:acLJ

-t

(-:jy (:%)

(:%) (:ac# --H
(:xO;) (:yao)

(:gp (:Lll&)(-:X(J) (:xI&) (:xK&) (:mtJ (-:mcl&) (:ysx)) ( @c&)

I(-:%) (-.:a&) (-:XOJ) (-:8) ( L#&) ( X&) (:SK&) ( S%&) I(:x# (-m)
.1-P

++

(:xxg (.:~)

(:zc&)(-:g)

( Axu# (-:m&)

( JK&) ( a&) :-.iok)
.Cm

(:x#) I(:Jc# (:Lc&).

.

(-.031)
-395

:-.CE2)
.m

( y3#

( XkJ&) ( O&) (-:m&) (:acl&)

:-.003)
. lm

(:agl

(:mc&)

( :&3)

i

( So&)

(:g)

(al)
.052

(:Ax&)

(-:mog)

( Jk# :-.003)
.I.02

(:5)

(:sg)

3
(:x.kg) (:xI&)

Ml&) (:mg)

(:x) ( J&cg)

(.034) (:g)
.=9

(:a’J) (:Cc&)

(-:3) ( Xx2&)

I I(:&) ,(:JYg) (:mof&)
*m

(:slo&) ( Z&)

( IO&) ( S&)

:-cm)
.193

(:sr&) (-:Jx&)

(:mc&)( ZQJJ (:ac&)

(:og) (-:lx&) (-:mckg .= ( ag)

-s

(yg)

( SK&)

( mg)

(SIC!&)

G:ag)

(:WQ

( mG#

(:clg) :-.wl)
.m

(-:a&) ;-all)
.079

(da;) ( AK&) (40XJO) ( mcg)

(-:cg (-:oo&) ( mg) (:xk&2)

:-:%) (-:o&) (-:oc&l (:a#

(-.m2) . ( :x) W&l (:y;)
.221

(-ml) (-:m# (-:~3) (-:%3)
=-79

(-ml) (-.W2) (-.mk) (Sin)
.333 -072 .1s2 .237

( :3) ( Jm&) (-:%3) (-cm)
.07’9

(-.002) (Sin) (-:mi# ( Sg)
.223 .@

( Lx&)

(:co#

.035

( IO&)

( SK&)

-.0CX2)
.0%

(::UO)

-cm)
-C@

( Lg)

(:oL?&)

(.:cI&)

.1*

(-:&T)

(-: LX2J)

(-:fmo)

(-:QOJ

(:CKQ)
-

i

(-:m&)

(:m&l)

:-:g)

(:yo) (:%) :-:c&)
.531

(:sg) (-:m)# (:a&) ( ICI&) ( L&)

,-.032)
=13

,-.031)
.2-70

+

(:Jx&) (-:yag)

-. Cd) (-:loo)
.I.m

( JJl&)
.@

+3&
.160

-.023)
.322

(JQOO)
=79

( Xc&)

+

( ICI&) ( mo#

( W&) ( yo)

.

( alg)
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TABm 9.- NATURALFREQJ%!3NCIESFOR

FRIZE-FREEVIBRATIONS

Mode I Frequency,
Cps

1st symmetrical
1st antisymmetrical
2d Symmetrical
2d ant@nmnetrical
3d symmetrical
~d antisymmetrical
kth symmetrical
4th antisymmetrical
>th symmetrical
~th antisynmetrical

NACATN3999

.

.

43.3
g.;

91:7
-2.8
131.1
164.2
169.2
179.7
215.7
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TABUIO, -DEH2CIIOR3 WDEUMW’DW vlmAmmuIT20NIT mmIwcIoN

Frwuancy,
MO&e. c-p

1 2 3 4 5 6

lnt sym&mlml. 4>.3 OJ26 0.034 0.052 -o.l.l’(.O.olj 0.130

u-t Mtia-1’icd .32.2 ..* -.ZYY7 -.5X3 -.156 -J36 -.495

2!9 aymeti-id 89.8 .613 .243 -.033 .037 -.312 -.&l

~ antisymwtriml 91.7 .m .093 .W .CQ3 .070 .273

x Bymmt.riaal 1.22.8 -.* -Af5 .028 .Ia4 .U5 .O*

x antiB-rica.l 131..1 .454 .g5 .534 .216 -.233 -.460

4th S~Cd 164.2 .$$2 -J@ -.265 J& -.501 .658

4th mti,ymetrical 1.69.2 -.Z-/l -.149 -.a.~ .013 .K50 .151

Daf L!mticm d Btatinn” 1

-L-IL
.o.261 -w@

-.O-@ -J@

.072 -.1-(C

-J-V -.23?

.183 .007

.182 .1330

.202 -.264

.Og .&

..1P

..426

..I03

..U39

-m

10 11 X2 13 14 15

0.464 -0,40! -0.252 0.092 0.551 1.002

.ml .C4’o .I.lo .277 .656 l.mo

-.474 .2’@ .l~ .@ .513 1.CUI

.2$= -=-P -.5X -.500 .~o ~.o~

-.W7 .031 -.~J. -.366 .Om ~.~o

Lou .272 .460 .330 .443 1.002

1.595 1.435 .W .1.* -1.442 1.000

-.143 .ca7 .Om -.2356 -ml l.m

‘ss0 figure 10 for *tIon lwatiom.
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Figure 3.- Spamfi.se variation of spar moment of inertia.
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Figure 4.- Spanwise variation-of spar weights (including rivets).
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0 .001” dial gages

40 41 42
● .000I” dial gages

❑ Supports

.

.

Figure 7.- Locations of supports and dial gages for static tests.
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Figure 8.- General view of vibration-test setup. L-8&)71.1
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Figure 9.- View of shaker attachment. L-8&)68.l
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0 Pickup

● Steel weight

D Shaker location

11-16” 4

Figure 10.- LOCatiOnS Of piCkLlpS>ShakerS, and
vibration tests.
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(a) Synm.etrical

Figue 11.- Modes and frequncies
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3d Mode
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(b) Antisymmetrical modes.

Figuxe Il.- Concluded.
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